days' growth. The suprajacent skin was intact. The mouse was killed by decapitation, and the tumour removed after peeling off the skin. The whole of the procedures were in this, as in all other cases, carried out aseptically. The growth having been finely minced with curved scissors, the pulp was transferred to, and thinly spread over, the bottom of a Petri dish. The drying was carried out with the aid of Koch's platepouring apparatus, the water being at 370 C., and the apparatus being screened from sunlight to prevent the possibility of any deleterious action of light upon the cells.1 The drying was allowed to proceed slowly, the lid of the Petri dish being partially raised. The material, when dried, was moistened with salt solution and remade into a pulp. Twelve mice were inoculated subcutaneously with a Bashford syringe, each animal receiving '05 c.cm., the cannula being entered at the groin and carried as high as the axilla, and the material itself being slowly injected along the track of the cannula as the latter was withdrawn, according to the usual practice. Immediately before the material was moistened with the salt solution there remnained in its centre a small area, no larger than the top of a pencil, which was imnperfectly dried; this was spread to and fro over the dried portion around, yet a little of it was still sticky or moist when the salt solution was added and the pulp renmade for injection. The drying was commenced about inidday and the injections were carried out about 5 p.m.
The animals were examined on August 4, and after that each week, the results being noted, and, when positive, graphically represented. This plan was adopted throughout the work, according to the general practice at the Imperial Cancer Research. The results are reproduced in the accompanying chart (see p. 75).
The chart shows that on August 4 two of the twelve mice presented a. minute nodule of growth. On August 11 these growths had progressed and a third mouse presented a minute tumour. On August 23 the lastmentioned mouse died. On September 27 one of the other two positive results died, the growth being as large as a cherry. September 29: The only surviving positive result was now killed; the growth, at one time well developed, was in process of retrogression. Experimient II. December 8, 1909 : The tumour used for drying was of twenty-eight days' growth. It was treated as already described, except that the The lethal action of sunlight upon careinoma cells has already been demonstrated. lid of the Petri dish was completely removed and the material was repeatedly spread with a platinum loop in order to hasten the drying, which occupied about two hours, and was in this case complete throughout. The material was moistened with salt solution, remade into a pulp, and '05 c.cm. injected subcutaneously into each of seventeen mice.
Showing the results of the inoculation of twelve mice with dried mousecancer.
A small area remained incompletely dried; this explains the growth which occurred in the three mice at the top of the chart. The history of the animals reads horizontally from left to right. The dates of the examinations are given at the head of each column, beginning with August 4 and ending with September 29.
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January 13, 1910 (thirty-six days after inoculation): No growth had taken place during this period in any of the mice. To-day twelve of these seventeen mice were inoculated (in a different position) with living carcinoma pulp to ascertain whether any prophylactic immunization had resulted from the insertion of the dried carcinoma; the other five were kept as controls.
February 4: One of the five controls died without having shown any sign of new growth.
February 28: A second of the five controls died without having shown any sign of growth.
March 8 (90 days after inoculation) The three remaining controls, having shown no-growth, were now killed. Of the other twelve not one showed, at this date, any growth at the site of the insertion of the dried carcinoma, nor did they at any subsequent period. These twelve mice are again referred to under " Prophylactic Immunization " (III). Experiment III. February 14, 1910: The tumour used for drying was of sixteen days' growth. The drying was completed in one and a quarter hours. Twenty-four mice received, each, .05 c.cm. of the dried material after it had been remade into a pulp with salt solution, the material being inserted subcutaneously along the left side of the thorax and abdomen.
February 28 (fourteen days after inoculation): No growth had appeared in any of the twenty-four mice. Twelve were to-day injected subcutaneously in another position with living carcinoma pulp to ascertain whether any prophylactic immunity had been established, and twelve were kept as controls.
March 21 (thirty-five days after inoculation): No growth had appeared at any time in the twelve controls, and they were killed to-day. Nor did growth occur at any time later, in the other twelve, at the site of the insertion of the dried material. These twelve mice are again referred to under " Prophylactic Immunization" (III).
Summary of the Results obtained by the Insertion of
Dried Carcinoma.
In two of the three sets of experiments no tumours were raised from the dried material. In the third set, out of twelve mice inoculated, growths appeared in three. The latter result, however, in place of being at variance with the others, strikingly confirms them. For in this instance a small area of the pulp remained incompletely dried when the whole was moistened with salt solution and remade into a pulp for the purpose of the inoculation; and to the comparatively few cells which in this case reinained unkilled by the drying the positive results are attributable.
In confirmation of these results we may add that in the series of experiments to be presently detailed, in which carcinoma pulp, similarly dried and remade with salt solution, was inserted subcutanously in order to test its possible prophylactic and curative effects, no growth ever arose from the material so treated.
Substituting the living carcinoma cell for a bacterial micro-organism, could the cell be conveyed to the air-passages it is theoretically possible that it might gain a foothold and induce malignant disease. The following experiments were carried out in the endeavour to realize this theoretical possibility:
The fluid for the spray was prepared in the following manner: The tumour was removed and finely minced with scissors in the usual way; salt solution was then added, and the material, after being well agitated, was at once passed through sterile muslin, transferred to a small test tube fitted with a rubber cork and bellows, &c., and used without delay. That such spray contains carcinoma cells we had by previous observation ascertained by spraying over a series of slides, allowing the films to dry, and staining them with carbol thionine. On such slides abundant groups of carcinoma cells are demonstrable. The mice were, one by one, held by the skin of the neck and back, turned over, and the nares kept closed by compression. The cancer spray was then forcibly driven into the mouth as soon as the latter was widely opened by inspiration. The tumours used were sub-cultures of No. 63, the original of which was a 'spotaneous" mammary carcinoma, and they were taken at a stage of active growth. This particular tumour was chosen by reason of the extreme readiness with which it is inoculable upon other animals.
The spray was administered on July 22, August 2, and October 7, 1910. Minute examination of the lungs showed no trace of disease. These experiments we are at the present time repeating.
Looking at the problem of air-borne carcinoma from the clinical side, there is little evidence that primary disease of the lung-e.g., in general-is due to such a mode of infection. The lethal effect of drying on the carcinoma cell makes the question at the outset altogether different from the common air-borne tuberculous infection of the same organ. Primary carcinoma of the lung is, speaking broadly, one of the rarest of lesions met with in morbid anatomy. We have not ourselves ever seen an example of it. In those that have been recorded, moreover, the possible occurrence of an antecedent and predisposing cirrhosis or bronchitis (some of the cases being of bronchial origin) must not be lost sight of, and this would reduce the air-borne contingency to a still finer margin; and, finally, the remoteness of such a possibility is emphasized by the fact that direct auto-infection of the lungs by way of the air-passages-in cases of carcinoma of the larynx, pharynx, tongue, or lip, where everything might be supposed favourable to its occurrenceis an event hardly known. Nevertheless, it is a remarkable fact, as
Osler states,' that the workers in the Schneeberg cobalt mines are very liable to primary cancer of the lung; it is said that in this region a considerable proportion of all deaths in persons over forty are due to this cause. Here the pneumonokoniosis doubtless prepares the soil for the other disease, whether the latter is of endogenous or exogenous source.2 The frequency of primary carcinoma of the larynx can be satisfactorily explained without having recourse to an air-borne theory of infection. How far carcinoma may be conveyed from one individual to another is, nevertheless, a subject that still merits further investigation. Its contagiousness and its infectiousness, using the terms in their usual clinical meanings, are theoretical possibilities indicated by cancer houses, cancer villages, and cancer districts, and, possibly, cancer mines. One strong argument against the indications afforded by cancer houses is undoubtedly the fact that the histological form of the disease in the different individuals concerned is by no ineans always the same, and that the primary disease is not confined to the skin and mucous membranes (to which alone a graft would be accessible), but may affect such an organ, e.g., as the breast. The substitution of a sarcomatous growth, produced from the connective tissue of -the host, in the place of a carcinomatous graft (an occurrence now so well established in the case of certain forms of mouse-carcinoma) indicates, nevertheless, the possibility "Medicine," 6th ed., p. 642. 2 According to Wagner and others the disease in question is a lymphosarcomatosis of the mediastinal and bronchial glands, involving the lung (Borst: " Lehre von Geschwiilsten," Wiesbaden, 1902). that a parallel phenomenon might take place, were a carcinomatous graft implanted upon an epithelial surface furnished with an epithelium different in kind from that of the graft itself. The access of a graft, e.g., from a squamous-celled carcinoma, mnight induce the growth of a columnar-celled tumour from the tissues of the host, should the graft alight upon a surface furnished with an epithelium of the latter variety.
Some of the discoveries, now so well known, in regard to the vitality of the carcinoma cell (in the mouse) go far to support the possibility of a transference of the disease from one individual to a second. When we recall the fact that mouse carcinoma may be successfully grafted into other mice"'as long as three weeks after the tumour itself has been removed from the body and kept (without being allowed to dry) in an ice-safe, and that tumours may be raised from the carcinomatous tissue after it has been frozen in liquid air, the theoretical possibility of the conveyance of carcinoma from one individual to another by means of debris derived from ulcerating and necrotic growths of external parts, or expectorated or otherwise voided from the mouth, in carcinomatous disease of the tongue, or lip, or larynx, will hardly be denied. Such debris might, theoretically, produce disease from any of the sites which obtain in the case of bacterial infections, the contagium vivum being the carcinoma cell in place of the bacterium. The living cancer cell might be implanted upon some part of the cutaneous system, or of the alimentary, or the respiratory, or the genito-urinary. Its indirect transference from the exterior to the lymphatic glands, without the production of a carcinomatous lesion at the site of entrance (an occurrence so well recognized in tuberculous infections), is scarcely conceivable, those cases of squamous-celled carcinoma of the inguinal lymphatic glands without recognizable cutaneous lesion, observed in chimney-sweepers, being more readily explained by the obsolescence of an unnoticed primary cutaneous lesion.' Nevertheless, if the conveyance of carcinoma ever takes place from one individual to another, it must be very exceptional. And it would probably require the concurrence of a highly susceptible condition in the recipient, and a peculiarly resistent or " virulent " property in the carcinoma transferred. That these collateral factors would play a part in such a transference is clear from the diversity of results attending the subcutaneous grafting of mouse-carcinoma, for the success attending I Sir James Paget, " Surgical Pathology" (one case); Mr. George Lawson, Lancet, 1878, ii., p. 576 (two cases); Mr. H. T. Butlin refers to these several cases in his lectures on " Cancer of the Scrotum," Brit. Med. Journ., 1892, i, p. 1341. the grafting of different tumours of " spontaneous " origin varies widely; in the case of some it is altogether negative, and in the case of the rare tumours which are inoculable with the highest success a certain number of mice prove refractory-i.e., the graft retrogresses after having comimenced to grow.
III.-THE SUBCUTANEOUS INJECTION OF AIR-DRIED CARCINOMA PRODUCES NO PROPHYLACTIC IMMUNIZATION TO THE GROWTH OF A SUBSEQUENT GRAFT.
Four sets of experiments were carried out to test the possible production of a prophylactic immunization by the subcutaneous insertion of carcinoma pulp, dried, as already detailed, by simple exposure, in a subdued light, at 370 C. In three of these sets a single insertion of the dried material was made previously to the inoculation with the living tumour; in the fourth two insertions were made, with an interval of fourteen days between them.
Experiment I.
December 8, 1909: Seventeen mice received each, subcutaneously, 0 05 c.cm. of dried carcinoma, renmade into a pulp with salt solution. The tumour used was of twenty-eight days' growth, and is the same as that referred to under the second experiment, made to test the vitality of the dried material.
January 13 (thirty-six days after inoculation): Twelve of these seventeen mice were inoculated subcutaneously, each with 0 05 c.cm. of living pulp prepared from a tumour of twenty-one days' growth, the inoculation being made at another site than that of the first insertionviz., the opposite side of the thorax and abdomen. The remaining five were kept as controls, and in these no growth at any time took place. January 24: Small growths had appeared in eleven. February 28: In five retrogression and disappearance of minute growths had occurred. In four there 'was a growth the size of a cherry; in one the tumour was twice this size; one died on February 23, with the largest growth of all, the size of a plover's egg.
March 7: The tumour was still progressing, and the experiment was closed. No growth at any time appeared at the site of insertion of the dried carcinoma. Experimient II. March 22, 1910: Twelve mice were inoculated, subcutaneously, with the dried and remade pulp of a tumour of twenty-one days' growth.
The drying of the tumour was completed in two hours. Each received 0 05 c.cm. beneath the skin of the thorax and abdomen.
April 6: Each animal received 0 05 c.cm. of living pulp beneath the skin of the back.
June 24: In five no growth had appeared; in five inconsiderable growths appeared which retrogressed and vanished. In two the tumours progressed and were of large size.
The animals were killed on July 4. Experiment III. February 14, 1910 : Twelve mice received 0 05 c.cm. of dried tumour remade into a pulp, subcutaneously, on the left side of the thorax and abdomen.-The tumour was of sixteen days' growth.
February 28: Each received 0 05 c.cm. of living pulp of a tumour of twenty-four days' growth, the insertion being made in the right side of the thorax and abdomen.
March 16: One had shown no growth; one had died with a minute growth on March 3; in three the tumours were quite small; in seven they were well declared. Experiment IV.
May 6, 1910: Twelve mice were inoculated beneath the skin of the back with dried carcinoma remade into a pulp as usual; each received, beneath the skin of the back, 0 05 c.cm. The drying of the pulp occupied three-quarters of an hour; the tumour was of thirteen days' growth.
May 20: A second injection was made from a tumour of fourteen days' growth, dried and made into a pulp; the drying was completed in three-quarters of an hour. Beneath the skin of the back, each of the same twelve mice received 0 05 c.cm. June 3: Each mouse received 0 05 c.cm. of living carcinoma pulp beneath the skin of the thorax and abdomen; fourteen days, i.e., after the second insertion of the dried material. Chart III (referred to under Section V).-Showing that no prophylactic immunization is produced by centrifugalized extract of mouse cancer. The upper of the figures gives the course of growth of the grafts in six untreated mice. The lower gives that of the grafts, made at the same date, after the previous injection of centrifugalized extract of carcinoma. It will be apparent that the growth, in place of being retarded, has been accelerated by the previous injection.
June 30: In two no growth had appeared; in two a minute linear growth appeared which shortly afterwards vanished. In eight, progressing tumours of varying sizes followed; in one of these eight the growth was only of the dimensions of a large pea; in the other seven the tumours were of pronounced size-the largest, which was bilobed, was the size of two cherries.
The animals were killed a fortnight later. (Chart II.) Summary of the Foregoinzg Results.
It is clear from these observations that the subcutaneous insertion of carcinoma cells killed by the simple process of drying in the air at 370 C. produces no prophylactic immunization. In three sets of experiments a single insertion of the dried material was made; in a fourth two insertions were made at an interval of fourteen days. The living cancer pulp was inserted, in one set, thirty-six days later, in another set fifteen days later, and in the two other sets it was inserted fourteen days later. These results accord with the others obtained at the Imperial Cancer Research, which show that no prophylaxis is producible by the insertion of dead carcinoma cells, however the death has been brought about, whether by the action of radium or by other means. In Experiment I some delay in the appearance of the growths after grafting occurred, as compared with what took place in a series of mice inoculated by Dr. Russell from a " sister" tumour to that used by us on Januarv 13 (by a " sister " tumour is meant one raised in another mouse from the same cancer pulp as that used to raise the growth in the animal used for the experiment carried out on January 13). Delay in the appearance of the tumours after grafting, however, is a well-recognized phenomenon at the Imperial Cancer Research, and no significance can be attached to it in the present instance, especially as it was not observed in the other sets of similar experiments. In the two following sets of experiments the dried material was inserted after a growth had been raised by the subcutaneous inoculation of living carcinoma pulp, in order to see whether any curative retrogression of the tumours would result. The preparation of the dried material was carried out in the way already detailed. Experiment I. March 22, 1910: Four mice in which progressing tumours had been raised by inoculation on February.14, 1910, with a growth of sixteen days, received 0 05 c.cm. of dried carcinonma remade into a pulp. The first series of injections, with the living material, was nmade beneath the skin of the left side of the chest and abdomen; the second series, with the dried, was made beneath the skin of the right side. The tumours steadily progressed.
The experiment was closed on April 15. Experiminent II. April 12, 1910 : Five mlice in which progressing tumours had been raised by the subcutaneous insertion of living carcinoma pulp on March 23 (from a growth of twenty-two days) received 0 05 c.cm. of dried carcinoma remade into a pulp. The first insertions were mrlade on the left side, the second beneath the skin of the back. The tumour dried was of fourteen days' growth; drying was completed in one and three-quarter hours.
April 21: The five mice again received 0 05 c.cm. of dried and remade pulp, beneath the skin of the back; the tumuour dried was of fifteen days' growth.
April 28: The five mice again received (third timne) 0 05 c.cm. of dried and remade carcinoma pulp beneath the skin of the back. The drying of the tumour was completed in one and a half hours.
May 1 : One mouse died, the tumour still increasing. May 5: One mouse died, the tumour still increasing. May 6: The other three mice were killed and the experiment closed. The tumours had steadily progressed and were of considerable size.
Summnary.
It will appear from these data that no curative immunization to the growth of the graft was brought about by the subcutaneous insertion of dried cancer, and this notwithstanding the fact that in the second set of experiments three insertions of the dried material were nade-viz., on April 12, April 21, and April 28, after the growth was declared.
V.-A CENTRIFUGALIZED EXTRACT OF MOUSE-CANCER PRODUCES NO PROPHYLACTIC IMMUNIZATION TO THE GROWTH OF A GRAFT.
In the preparation of the extract the method we first attempted was to filter the ground tumour through porcelain in order to remove entire cells and cell-debris. The filtration, however, occurred so slowly that the simpler method of clearing the suspension by centrifugalization was resorted to.
May 10, 1909: -Four mice with tumours of twenty days' growth were decapitated. The tumours were removed and ground with a sprinkle of powdered and sterilized glass for an hour. Salt solution was then added and filtration through porcelain commenced. Only 2 c.cm. of fluid had come through in two and a half hours; no use was. made of this. The rest of the unfiltered material was centrifugalized at high speed, three times in succession, the fluid being pipetted off after eac-h centrifugalization into another series of tubes. The fluid finally obtained was quite turbid, with a thin whitish surface layer. A microscopic examination (1 oil immersion) showed the presence of myriads of fine fat droplets, but no cells. Four mice (A) received 0 5 c.cm. of the fluid beneath the skin of the back.
May 19: These four mice (A) were inoculated with 0 05 c.cm. of living cancer pulp prepared from a tumour of twenty-nine days' growth. Six control mice (C) received the same living cancer pulp.
May 29: Batch A-Tumours had grown in all. Batch C-Tumours had appeared; though taken all together the bulk of these was somewhat less than in A.
June 5: Batch A-Tumours progressing; they are obviously larger than those in the control series. Batch C-Tumours of fair size. June 19: Batch A-One had died June 12 with a large progressing tumour. In two the growths were of large size and increasing; in the fourth mouse the tumour, one of moderate size, was retrogressing. Batch C-In two the tumours were of considerable size; in four they had retrogressed and disappeared. All the survivors were now killed.
The history showed some acceleration of growth in the mice treated with the extract; though when the animals were killed some of the tumours of the controls were as large as the others.
May 13, 1909: An extract was prepared by grinding four tumours, of twenty-three days' growth, adding salt solution, and centrifugalizing the fluid in order to get rid of the debris, as already detailed. Seven D-18b
